The family Pasteurellaceae currently comprises 18 recognized genera with more than 70 species of wide distribution and host range (http://www.bacterio.net/). An additional genus 'Seminibacterium' has been proposed recently by Vela et al. (2013) . Members of the Pasteurellaceae commonly belong to the mucosal flora of their hosts, but some species are able to cause localized or systemic infections in animals and humans (Olsen et al., 2005) . In chiropteran species, members of the genus Pasteurella have been identified as primary pathogens responsible for pneumonia, severe organ necroses and systemic infections in European bat species of the family Vespertilionidae (Simpson, 2000; Daffner, 2001; Hajkova & Pikula, 2007; Mühldorfer et al., 2011a, b, c) . Bite wounds from domestic cats appear to be the most likely source of Pasteurella infections in European bats (Mühldorfer et al., 2011a, b, c; Mühldorfer, 2013) . However, the role of members of the Pasteurellaceae as commensal or opportunistic bacteria of bat hosts is unknown. The aim of the present study was to characterize five strains of the Pasteurellaceae obtained from the lung, heart or thoracic cavity of five bats of three different European species IP: 54.70.40.11 On: Wed, 24 Jul 2019 05: 56:22 (Nyctalus noctula, n53; Pipistrellus pipistrellus, n51; Eptesicus serotinus, n51) to investigate their phenotypic and genetic characteristics as well as their phylogenetic relationships to other members of the family Pasteurellaceae.
Between 2008 and 2012, 280 deceased free-ranging bats were subjected to post-mortem examination followed by histopathological and bacteriological investigations. The bat carcasses were provided by bat researchers and bat rehabilitation centres throughout Germany. Tissue samples from lung, liver, heart, kidney and spleen as well as swab samples from the thoracic cavity of these carcasses were plated onto Columbia agar (7 % sheep blood), chocolate agar (with Vitox, 5 % CO 2 ) and MacConkey agar (all from Oxoid) and were incubated at 37 u C for 24-48 h. In five bats, colonies typical of the Pasteurellaceae were isolated on chocolate agar supplemented with Vitox. Single colonies of the five strains (Table S1 , available in the online Supplementary Material) were subcultured and subsequently stored at 280 u C suspended in nutrient broth supplemented with 20 % glycerol.
Primary identification of bacterial strains was based on Gram-staining, indole production and catalase and oxidase reactions. Phenotypic characterization was performed by conventional tube tests, as recommended by the minimal standards for the description of genera, species and subspecies of the Pasteurellaceae . Additionally, all strains were characterized with the API NH and API ZYM systems (bioMérieux), according to the manufacturer's instructions. Fermentation of carbohydrates, alcohols and glycosides, malonate utilization, methyl red, Voges-Proskauer, ornithine decarboxylase, lysine decarboxylase and arginine dihydrolase tests were performed by adding Vitox supplement (with a final concentration of 10 mg NAD ml 21 ) dissolved in distilled water and adjusted to pH 7.4. The X-factor (haemin) and/or V-factor (NAD) requirement and haemolytic reactions were identified by using the Haemophilus ID Quad plate with growth factors (BD Diagnostics), according to the manufacturer's instructions.
Colonies of the strains grown on chocolate agar supplemented with Vitox (5 % CO 2 , 24 h at 37 u C) were 1 mm in diameter, smooth, greyish, opaque, circular and convex with an entire margin. The texture of single colonies was butyrous (E40/12, E145/08 and E157/08) or dry (E127/08 T and E146/08). The five strains were V-factor-dependent but, instead of NAD alone, all strains required a nutritional supplement such as IsoVitaleX Enrichment (BD Diagnostics) or Vitox (Oxoid) for growth. Haemolysis was produced on 5 % horse blood agar supplemented with IsoVitaleX. All strains were catalase-and oxidase-positive and indolenegative and stained as Gram-negative coccobacilli. Phenotypic properties of the five strains are given in the description of the genus. Three to seven characteristics allowed differentiation from other genera of the family Pasteurellaceae, as listed in Table 1 . Variable reactions were observed for Dfructose (strain E145/08 negative), D-mannitol (strains E146/ 08 and E157/08 negative) and trehalose (strains E146/08 and E157/08 positive).
Using the API NH system, positive reactions were obtained for D-glucose, D-fructose, alkaline phosphatase and gammaglutamyltransferase (GGT) with the exception of strain E145/08, which was negative for GGT. On API ZYM, all strains showed strong positive reactions for alkaline phosphatase, acid phosphatase, leucine arylamidase and naphthol-AS-BI-phosphohydrolase. Weakly positive reactions were further obtained for esterase, esterase lipase and a-glucosidase with the exception of strain E145/08, which tested negative for these enzymic reactions, and strain E40/12, which was negative only for esterase lipase.
Phylogenetic analysis of bacterial strains was performed by sequencing segments of their 16S rRNA (1.5 kb), rpoB (520 bp), rpoA (1 kb), infB (1.3 kb) and recN (1.4 kb) genes as described previously (Mühldorfer et al., 2011a; Korczak et al., 2004; Kuhnert & Korczak, 2006; Kuhnert et al., 2004; Bisgaard et al., 2012) , with the following modifications. The annealing temperatures for the 16S rRNA (56 u C) and recN gene (46 u C) PCRs had to be lowered; for recN, the two internal primers recN-3 (59-ACGTTATGGCAACACCACCA-39) and recN-4 (59-ATAATTGTGGGGCGTGCTGA-39) were used instead of primers recN-1 and recN-2 (Bisgaard et al., 2012) to obtain nearly full-length sequences. Phylogenetic trees were reconstructed with the Bionumerics software version 7.0 (Applied Maths). Genome similarity calculations based on recN gene sequences were performed as reported by Kuhnert & Korczak (2006) using the MEGA software version 5.1 (Tamura et al., 2011) and the formula of Zeigler (2003) . This approach has been applied successfully to the prediction of genome similarities within the family Pasteurellaceae as an alternative to DNA-DNA hybridization (Christensen et al., , 2011 Kuhnert et al., 2007 Kuhnert et al., , 2010 Bisgaard et al., 2007 Bisgaard et al., , 2009 Bisgaard et al., , 2012 Foster et al., 2011) .
The DNA G+C content of strain E127/08 T was determined by HPLC at the Leibniz Institute DSMZ -German Collection of Microorganisms and Cell Cultures, Braunschweig, Germany, according to the method of Mesbah et al. (1989) .
Stretches of up to 1462 (16S rRNA), 854 (rpoA), 520 (rpoB), 1389 (infB) and 1379 bp (recN) were used in a multiple sequence alignment for phylogenetic tree reconstruction and for pairwise similarity calculations. Sequences of the five novel strains were compared to those of the type strains of type species of genera of the Pasteurellaceae with validly published names available in nucleotide databases.
In each tree (Figs 1, 2 and S1-S4), the five strains formed a distinct cluster clearly separated from other genera of the Pasteurellaceae. Within this cluster, strains E127/08 T , E146/08 and E40/12 isolated from bats of the same species grouped more closely together and showed a high degree of sequence homogeneity. These strains were derived from noctule bats (N. noctula) and revealed pairwise sequence similarities of . (Table S2 ).
According to the phylogenetic analysis of 16S rRNA gene sequences (Fig. 1) , the five strains were most closely related to the type species Otariodibacter oris and Bisgaardia hudsonensis. A similar observation was made in the infB gene-based analysis (Fig. S3 ). Highest sequence similarity based on the 16S rRNA (94.5 %) and infB (84.6 %) genes was found with the type strain of O. oris. In the rpoA gene-based phylogenetic tree (Fig. S1 ), the five strains clustered in the proximity of the type strain of Nicoletella semolina, sharing 89 % sequence similarity. In the rpoB gene-based phylogenetic tree (Fig. S2) , the most closely related type species was again O. oris, with 89 % sequence similarity. In the recN gene-based phylogenetic tree (Fig. S4) , the five strains clustered in the proximity of the type species of the genera Nicoletella, Actinobacillus, Mannheimia, Otariodibacter and Bibersteinia; the highest sequence similarities were observed with the type strains of O. oris (75 %) and N. semolina (75.2 %).
Genome similarity of strain E127/08 T to members of the other genera of the Pasteurellaceae as well as to the other four strains was calculated based on recN gene sequences according to Zeigler (2003) (Table 2) . Comparison of strain E127/08 T with the type species of the Pasteurellaceae indicated similarity values below 0.4. The highest value (0.39) was observed with the type strains of N. semolina and O. oris, which corresponded well to the results of the phylogenetic analyses (Figs 1 and S1-S4 ). In the combined tree (Fig. 2) , genera of a central cluster of the Pasteurellaceae (Actinobacillus, Bibersteinia, Mannheimia, Otariodibacter, Nicoletella, Phocoenobacter) that includes the five strains showed genome similarity values clearly above 0.2, while the remaining genera had values below 0.1 ( Table 2) .
The calculated genome similarities among the five strains were clearly above the threshold of 0.4 for genus separation (Korczak & Kuhnert, 2008) , indicating that they represent a new genus within the family Pasteurellaceae. Strains E127/08 T , E146/08 and E40/12 isolated from noctule bats were genetically very homogeneous, with similarity values ranging from 0.93 to 0.94. The calculated similarity values Table 1 . Phenotypic characteristics for differentiation of Vespertiliibacter gen. nov. from other genera of the family Pasteurellaceae Genera: 1, Vespertiliibacter gen. nov. (data from this study); 2, Otariodibacter (Hansen et al., 2012) ; 3, Haemophilus sensu stricto (Kilian, 2005; Nørskov-Lauritsen et al., 2005) ; 4, Actinobacillus sensu stricto ; 5, Lonepinella (Osawa et al., 1995) ; 6, Mannheimia (Angen et al., 1999) ; 7, Pasteurella sensu stricto (Christensen & Bisgaard, 2006; Mutters et al., 1985) ; 8, Phocoenobacter (Foster et al., 2000) ; 9, Gallibacterium ; 10, Volucribacter ; 11, Histophilus (Angen et al., 2003) ; 12, Avibacterium (Blackall et al., 2005) ; 13, Nicoletella ; 14, Bibersteinia (Blackall et al., 2007) Catalase
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Voges-Proskauer (37 u C)
*Members of Vespertiliibacter gen. nov. are nutritionally fastidious bacteria that require a chemically defined supplement such as Vitox (Oxoid) or IsoVitaleX Enrichment (BD Diagnostics) as an additive to media for cultivation and conventional phenotypic tests.
of strain E127/08 T with the remaining two strains E145/08 (0.78) and E157/08 (0.77) as well as of strains E145/08 and E157/08 (0.79) were below the limit of 0.85 for species separation (Korczak & Kuhnert, 2008) , indicating that the five strains probably represent three different species.
Based on the results of phenotypic and genetic analyses, we propose that the strains isolated from bats represent a novel species of a new genus, Vespertiliibacter pulmonis gen. nov., sp. nov., within the family Pasteurellaceae. The monophyly of the novel genus is strongly supported by individual and combined sequence analyses of the 16S rRNA gene and four housekeeping genes. The intraspecies homogeneity is demonstrated by a very low phenotypic and genetic variance, with representatives sharing 99.6-99.9 % sequence similarity in the 16S rRNA gene. Due to the limited number of strains that are available for phenotypic and genetic separation of different species, we propose to classify strain E145/08, isolated from a serotine bat, as Vespertiliibacter genomospecies 1, and strain E157/08, isolated from a pipistrelle bat, as Vespertiliibacter genomospecies 2. With respect to the high bat species richness, further bacterial strains are needed in order to determine whether host specificity (based on genus or species levels of bats) is a useful criterion to distinguish between different species of Vespertiliibacter gen. nov., which finally might increase the number of species combined within this genus. (37 u C), arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase and phenylalanine deaminase tests. Acid is produced from L-arabinose, D-glucose, myo-inositol, Lrhamnose and D-xylose, but not from dulcitol, maltose, raffinose or sucrose. On API ZYM strips, strong positive reactions are observed for alkaline phosphatase, acid phosphatase, leucine arylamidase and naphthol-AS-BI-phosphohydrolase, while b-galactosidase is not produced. The G+C content of DNA from the type strain of the type species is 38.2 mol%. The type species is Vespertiliibacter pulmonis.
Description of Vespertiliibacter pulmonis sp. nov.
Vespertiliibacter pulmonis (pul.mo9nis. L. n. pulmo the lung; L. gen. n. pulmonis of the lung).
Bacterial colonies grown on chocolate agar (5 % CO 2 , 24 h at 37 u C) supplemented with Vitox are 1 mm in diameter, greyish, opaque, circular, convex with an entire margin and smooth. The texture of single colonies is butyrous (E40/12) or dry (E127/08 T and E146/08). Known strains grow on brain heart infusion agar and on 5 % horse blood agar (both supplemented with IsoVitaleX), producing a clear zone of haemolysis around colonies on horse blood agar. In addition to the phenotypic characteristics given in the genus description, acid is produced from D-fructose and D-mannose, but not from aesculin, cellobiose, D-galactose, inulin, lactose, melezitose, melibiose, salicin or D-sorbitol. Acid production from D-mannitol (strain E146/08 is negative) and trehalose is variable (type strain E127/08 T is negative). On API NH, positive reactions are obtained for D-glucose, D-fructose, alkaline phosphatase and GGT. On API ZYM, weakly positive or variable reactions are further obtained for esterase, esterase lipase (strain E40/12 is negative) and a-glucosidase.
The type strain is E127/08 T (5CCUG 64585 T 5DSM 27238 T ), isolated from the lung of a noctule bat (Nyctalus noctula) from Germany. The pathogenic potential is unknown. 2 . Combined phylogenetic tree based on partial 16S rRNA, rpoB, infB and recN gene sequences. Sequences of strains of Vespertiliibacter gen. nov. were compared to those of the type strains of type species of all genera of the Pasteurellaceae with validly published names. For genera Aggregatibacter and Haemophilus, whole-genome sequences of reference strains were included. The tree was reconstructed in Bionumerics version 7.0 using the Jukes-Cantor correction for matrix calculation and neighbour-joining for tree building. E. coli MG1655 was included as an outgroup. Cophenic correlations are given and indicated as closed circles on the branching nodes, showing the reliability of the branching compared with the actual genetic relatedness of the taxa. Bar, 10 % sequence divergence. Details of sequence accession numbers of the novel strains are given in Table S1 . 
